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CHAPTER 1 
 
 
 
 
GENERAL INTRODUCTION 
 
 
 
 
1.1 Introduction  
 
 
 Protection of buildings against the influences of the climate and its forces had 
been a challenging task throughout history.   In modern scenario the task has been 
more challenging by the fact that this protection should not categorically eliminate 
all climatic influences, thus rendering the interior space independent from the 
external environment.   The most important facet of a building's internal environment 
is the control of the physical conditions- light, temperature, humidity, airflow and 
noise within the building (Codella et al, 1981).   Unbalancing any of these conditions 
will prevent the proper functioning of the building, as the comfort level for people 
engage in the type of activity that the building is intended will be affected.   
However, rapid pace of urbanization and development of technology played a part in 
neglecting valuable experience of climate adopted building technology and often 
controlled by artificial means.   This is evident by the fact that intensive use of 
electricity for lighting and air-conditioning to improve comfort levels has been major 
consuming issues in high-rise office buildings. 
 
 
 The intensity of solar radiation in hot and humid climates such as Malaysia is 
generally high and consistent throughout the year.   Records of hourly solar radiation 
data for altitude 3.70 north and latitude 101.30 east (Subang Jaya Meteorological 
Station), received a maximum of 1055 W/m2 for the year 2001.   This is about 75-
80% of the solar radiation intensity outside the earth’s atmosphere.   Further, annual 
maximum intensity of solar radiation falling on horizontal is about 1000 W/m2 and 
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on vertical surface is about 850 W/m2 for east and west facing surfaces.   Thus, in 
tropical hot and humid climates, solar radiation prevention is one of the crucial 
factors in climate design criteria.    
 
 
 Daylight is one of the passive design strategies that architects and designers 
can utilize in building design.   What makes daylight utilization so interesting is that 
it can be used to replace artificial lighting.   Thus, it has two advantages in terms of 
building energy use; firstly it reduces the electricity consumption for lighting and 
secondly reduces the cooling demand through reduction of internal heat load from 
lights.   Other than energy saving and economical benefits, there are other 
advantages and also potential drawbacks in daylight utilization.   Use of daylight 
implies the presence of windows in the immediate surrounding which has 
psychological and physiological benefits.   The quality of natural illumination may 
also be highly desirable.     
 
 
 According to Nor Haliza (2002), Azni Zain-Ahmed (2002a) and Hamdan 
(1996) the abundance of daylight in the tropics that has not been utilized to the 
maximum, nor has it been considered as design criterion.   The main drawback is 
maximum daylight availability is usually concurrent with intense solar heat gain, 
especially in hot and humid climates, like in Malaysia.   Further, the sky conditions 
in Malaysia can vary significantly throughout the day from overcast to clear sky, due 
to formation of clouds (Hamdan, 1996).   Therefore, availability of sunlight and 
daylight can fluctuate significantly throughout the day.   In this context, top lit 
concept for daylight is not desirable and side lighting is the main source of daylight 
into the building.   The side daylight system produces a non-uniform light 
contribution from window to wall at deep end of the room.   Steep depth in ‘plan 
form’ also creates gloomy interior where daylight penetration is limited.   Another 
main concern is glare caused by extreme contrasts or unsuitable distribution of 
luminance.   In order to avoid unbalanced conditions, artificial lighting is used to 
create a brighter internal environment.    
 
 
 The high-rise buildings have significantly larger façade and fenestration area 
than their low building counter part.   The building vertical surface area is a major 
 
 
3
variable in determining the impact of the climate forces, practically which cannot be 
covered by a roof.   The roof plays a significant role in controlling the climatic forces 
in low rise buildings.   Hence, high-rise buildings are more exposed to the full impact 
of external temperatures, radiant heat and wind forces.   Consequently by nature the 
high rise buildings are energy intensive.   The necessity to reduce energy use is 
further challenged by the use of large glazing area for office buildings.   Whether this 
is the result of improvement in the glazing technology or to increase daylight levels 
of the interior or aesthetic trend remains to be determined (Dubois, 2001c).   Glass 
facades create problems of overheating and high air-conditioning cost, excessive 
brightness and discomforting glare problems.    
 
 
 Daylight and solar heat are two components directly affecting building 
fenestration design.   The main climate and energy conscious design initiatives in hot 
and humid climates is to achieve a balance between solar radiation prevention and 
daylight utilization (Lam and Li, 1999; Lee et al, 1998).   The solutions remain in 
thermal resistance of building envelope, preventing solar radiation falling on the 
façade and allowing beneficial daylight in.   Although use of tiny windows and tinted 
glazing reduce heat gain through fenestration, they also cut off the view from the 
window and tend to reduce the penetration of daylight into the space.   Studies also 
have shown that reducing window sizes do not prevent glare, but reduce amount of 
daylight in the interior (Chauvel et al, 1982).   But, heat reduction is best achieved by 
excluding unwanted heat rather than removing it later, often by air-conditioning.   
Previous researches (Dubois, 2000; Givoni, 1981; Harkness, 1978; Olgyay, 1957) 
suggest that the use of appropriate solar shading devices can give better solutions to 
solve the overheating, lack of daylight and glare problems in modern offices.    
 
 
 External shading devices also have a few advantages over other options like 
different glazing types and reduction of window sizes.   They can improve the light 
distribution in the room and reduce the discomfort glare problem.   Further, use of 
shading devices are often more attractive to the architect than reducing the glazing 
area or using reflective or tinted glazing, which may alter the architectural character 
intended for the building (Dubois, 2001c). 
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 Review by Abdul Majid (1996) and Nor Haliza (2002) of solar shading 
designs in high-rise buildings in two major cities in Malaysia, Kuala Lumpur 
(Latitude 3.70 N) and Johor Bahru (Latitude 1.380 N), showed that inappropriate 
attentions given to the shading and daylight problems.   According to Hassan, KAKU 
(1996) most designers incorporate shading devices as an aesthetic element rather 
than a useful climatic design element.   The reasons may be of little knowledge on 
solar radiation and daylight penetration and the energy implication often used to 
achieve internal thermal and visual comforts.   In this context it can be argued that 
the role of external shading strategies required a rethinking in terms of reducing the 
impact of solar radiation, obtain a better daylight distribution and energy 
consumption for cooling and lighting. 
 
 
 
 
1.2 The Problem Statement 
 
 
 Local climatic conditions affect the energy consumed by a building.   In 
Malaysia, buildings are subject to significant cooling requirements due to high 
intensity of solar radiation penetration through fenestration.   Previous works on 
energy audits and surveys of office buildings for Malaysia indicated that the energy 
consumed to cool the building is about 68% of the total electricity use (Loewen, J.M 
et al 1992).   The external solar shading devices can substantially reduce the cooling 
load of buildings and large energy savings can be achieved. 
 
 
 However, a total shading to cut off unwanted solar radiation may reduce the 
daylight level in buildings.   A reduction in the use of daylight will increase in the 
use of artificial lighting.   This again results in the cooling load to remove the internal 
heat gains from light as well as consume electricity on artificial lighting.   Apart from 
energy consumption, oversized shading devices reduce view out through building 
which is a primary function of a window.    In hot and humid climates, the problem is 
emphasized by the fact that it is important to understand the magnitude of solar heat 
gain, daylight penetration and high energy consumption in high-rise office buildings 
in order to determine energy efficient shading strategy. 
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Figure 1.1:    The Problem: A Typical Fully Glazed Office Space Section. 
 
 
 
 
1.3 Research Hypothesis 
 
 
 The hypothesis of this study is that an optimum depth of a horizontal shading 
device will achieve the following: 
 
i. Reduction of solar heat gain into the building  
ii. Obtain adequate daylight quantity at deep end of the interior space. 
iii. Thus reduce the total energy consumption from cooling and lighting and 
predict an optimum energy saving. 
 
Figure 1.2:    The Proposition: Optimum shading during over heated period to 
reduce total heat gain and obtain target illuminance 
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 The term “optimum depth” refers to the external horizontal shading device 
depth which will reduce maximum heat gain and provide target illuminance to obtain 
an optimum energy saving, by correlating between them. 
 
 
 
 
1.4 Research Questions 
 
 
The following questions will be addressed in this thesis: 
 
1. Does the orientation of the fenestration influence the solar heat gain and 
daylight penetration into the building and the depth of the shading device?  
2. What are the effective overhang ratios to intercept the maximum direct and 
diffuse incident solar radiations during the over heated period from 9:00 am 
to 17:00 pm?  
3. What is the effective overhang ratios for the maximum reduction of 
transmitted heat gains during the over heated period from 9.00 am to 17.00 
pm?  
4. What is the effective overhang ratio to obtain adequate work plane 
illuminance at deep end of the space considered?  
5. Does the effective depth obtained at (2), reduce the work plane illuminance 
below the target level?  
6. What is the trade off between the transmitted heat gain and the shading depth 
to achieve target work plane illuminance?  
7. What is the optimum shading geometry to obtain an optimum energy saving 
in relation to cardinal orientations?  
 
 
 
 
1.5 Research Gap 
 
 
 Previous researches on solar shading were reviewed in order to get a clear 
understanding of the state-of –art knowledge in the field and identify the areas which 
had not been covered in the past.   The review revealed that research on solar shading 
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had been focused mainly on five issues: impact on solar radiation, impact on daylight 
quality and distribution, impact on energy use, shading design methods, and impact 
on human comfort and perception.   Few studies during the summer time and under 
hot humid tropical climate suggested that use of external shading strategies 
significantly reduce impinging solar radiation on the fenestration than the internal 
shading devices (Olgyay and Olgyay, 1957; Givoni, 1998; Hassan KAKU, 1996).   
Previous studies on external shading devices in hot and humid tropical climates 
(Hassan KAKU, 1996; Sharifah and Sia, 2001) only concentrated on the incident 
solar radiation (direct, diffused and reflected) and expressed the capacity of shading 
device to cut out the impinging solar radiation.    Yet they do not indicate amount of 
solar heat gain transmitted into the space when different external shading strategies 
were applied in order to understand the energy implication of employing such 
strategies.      
 
 
 Though it was stated in many research works and publication that the external 
solar shading reduces daylight distribution into the space, there were only few 
researches done on this aspect in hot and humid tropical climate conditions (Sharifah 
and Sia, 2004 Hamdan, 1996).   Also, little is known about the relationship between 
external shading device geometry and the daylight distribution, especially under high 
illuminance global sky conditions like in Malaysia.    
 
 
 Review also suggested that shading strategies have a significant impact on the 
energy consumption for cooling, heating and lighting.   Few studies have looked into 
this aspect under different climate conditions and with different shading strategies 
(Bojic et al, 2002; Bülow-Hübe, 2001; Dubois, 1999; Huang et al 1992; Bordart et al, 
2002; Li & Lam, 1999; Lee, E. S et al, 1998).    Studies by Huang et al (1992) in 
office buildings in Singapore, were dependent on other variables (different 
illuminance levels, lighting power requirements, window-to-wall ratio) as well, 
therefore it is difficult to derive clear conclusion on the effect of solar shading on 
total energy consumption.   Further they do not indicate an optimal shading strategy 
for any particular climate.  Hence, there is room for further research on relationship 
between external shading device geometry and on the electric consumption for 
cooling and lighting.    
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Table 1.1:   Summary of previous research related to solar shading, daylight and 
energy use 
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Olgyay  
(1957) T * * *    *        * *  *    *  
Hassan, 
KAKU 
(1996) 
HH * * *        *    *         
Givoni 
(1981/1998) T * *         * *   * *        
Dubois 
(1999) T    *       * * *        *   
Dubois 
(1998) T    *   *        * *     * *  
Dubois 
(2001c) T *   * * *        *    *  *    
Sharifah & 
Sia 
 (2001) 
HH *                     *  
Sharifah & 
Sia 
 (2004) 
HH *                 *      
Raeissi & 
Taheri (1997) HA *          * *         *   
Azni Zain-
Ahmad 
(2002) 
HH          *      *  *      
Al-Shareef 
(2001) HA     *      *  * *    *      
Robbins 
(1986) T *          *       *   *   
 
Chirarttanano
n (1996) 
 
HH *      *   * *       *   *  * 
Dinapradipta 
(2003) HH       *   *        *      
Huang 
(1992) HH *      *   * *          *  * 
Bojic (2002) HH       * *   *          *   
Present Study HH √          √    √ √  √   √   
 
 
T = Temperate climate HA = Hot and arid climate HH = Hot and humid 
climate  
 
 
 Table 1.1 gives a summary of related research work and their variables.   
Thus, the above review suggest that effect of solar shading on solar heat gain, 
internal daylight level and on energy consumptions have been dealt as separate 
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issues.  There is no specific research done to study the relationship between external 
shading devices and the correspondence solar heat gain, daylight level and energy 
consumptions.  Therefore, this thesis attempts to focus on the application of external 
horizontal solar shading device and to asses their performance with respect to the 
impact of solar radiation, internal daylight illuminance level and the optimal energy 
saving. 
 
 
 
 
1.6 Research Objective  
 
 
 The main objective of this study is to assess and evaluate the impact of 
external horizontal shading devices in reducing the unwanted solar heat gain and the 
amount of daylight penetration into the building.  Thereby, to determine the 
geometry of horizontal shading device to optimize the energy savings for cooling and 
lighting for buildings in hot and humid climates.     
 
 
Other specific objectives of the study are as follows: 
 
1. To determine the amount of direct, diffuse and reflected solar radiation 
incident on the window pane and transmitted solar radiation through window. 
2. To determine the depth of external horizontal shading device considering the 
window solar angle dependent properties. 
3. To determine the direct, diffuse and reflected solar radiation incident on the 
window pane and transmitted solar radiation through the window for the 
proposed external horizontal shading devices described in (2).    
4. To determine the work plane illuminance for the proposed external horizontal 
shading devices described in (2).    
5. To determine the potential trade-offs involved between the solar heat gain 
and daylight penetration into the interior space to optimize the depth of the 
external horizontal shading devices described in (2). 
6. To determine the energy performance of proposed external horizontal shading 
devices described in (2). 
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7. To compare the energy performances of proposed external horizontal shading 
devices with a base-case model (without shading device) and results obtained 
from (3), (4) and (6) for determining the optimum overhang depth to achieve 
optimum energy saving.    
8. To determine the influence of building orientation on the external horizontal 
shading strategy.    
 
 
 
 
1.7 Scope and Limitations 
 
 
 There are several necessities for using shading systems in buildings, ranging 
from individual level (better thermal and visual comforts, low energy bills) to 
national or global levels (reducing energy consumptions). However, scope of this 
study is to evaluate the solar heat gain and daylight penetration in order to optimize 
the energy consumption for cooling and artificial lighting when external solar 
shadings are applied.    
 
 
 The thermal performance of a building largely depends on two parameters: 
unsteady climatic parameters and building design variables (Bouchlaghem, 2000).   
The thermal analysis is mainly focused on the amount of direct, diffuse solar 
radiation and transmitted and retransmitted solar heat gain through fenestration.   
Although, there are other means of solar heat gain into the building such as, 
conduction through wall and infiltration, assumptions are made that heat gain from 
these modes are constant for all the tested shading strategies.  Further, relative 
humidity and wind flow also can effect on the building thermal performances, but 
these parameters were not considered in this experiment.    
 
 
 The thermal comfort aspect is not dealt within this thesis as a major issue.   
This is because there are other parameters effecting thermal comfort, for e.g. air 
temperature, humidity, air velocity, clothing and metabolic heat production (Givoni, 
1981; Sharifah, 1995).  It is assumed that by setting the indoor temperature at 
recommended comfort value, will provide the required thermal quality for that space.    
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 The daylight evaluation is limited to determining the work plane illuminance 
at 0.9 meter from the ground level.  Uniformity of daylight distribution, luminance 
ratio between the surfaces of the space, effects on color rendering and effect on glare, 
which contribute to the determining the qualities of daylight of a space are not dealt 
in this thesis.  Although evaluation of daylight quality is not within the scope of this 
study, assumptions were made, by providing an optimum shading strategy so that 
these criteria were acknowledged, thus provide appropriate visual comfort for the 
user.     
 
 
 The energy performance of a building largely depends on three parameters; 
building design variables, mechanical and technical system efficiency and efficient 
management of systems.  An approach focusing on architectural form and envelope 
are directly under the control of the architect and also provides a visual picture of the 
impact of environment on people and architecture.  In this study energy analysis is 
carried out for different external horizontal shading geometry only.  Other building 
design parameters such as, properties of building materials, location and size of 
fenestration, surface treatment and insulation were kept as constant to all shading 
cases tested.    
 
 
 Mechanical and technical system operating conditions were also kept 
identical to all experiments tested.  The working schedule for the office is considered 
from 9:00 am to 17:00 pm.    
 
 
 A standard office room with a single fenestration was selected for the 
experiment, with a typical room configuration capturing the variety of solar heat 
gains and lighting distributions found in typical high-rise office buildings in 
Malaysia.  Therefore, analysis of data and energy is performed and discussed as 
reference to the base case model and as a ratio to the base case values.  The base case 
office room is developed to comply with the Malaysian MS 1525 Standards.  Due to 
above stated reasons; no comparisons were made with any existing building energy 
estimates.    
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 This study is entirely carried out by using computer simulation program 
eQUEST-3 DOE 2.2 (Version 3) and thus bears the limitations of the simulation tool 
used.   In chapter 4, a review on common research methods used by previous 
researches and justification for the selection of the present tool are discussed.    
 
 
Finally, the simulation is performed under clear sky conditions and the main 
cardinal orientations, East, West, North and South, were considered.  The following 
days were chosen for hourly analysis; 21 March, 22 June, 24 September and 21 
December.  Since Malaysia receives similar climatic condition throughout the year, 
the selected dates do not represent extreme days or average days, but suggest the 
position of the sun related to certain façades at certain orientations.  During 21 March 
and 24 September the sun is within the plane of the equator and in tropical regions, a 
high amount of solar radiation is received on these dates.   In 22 June and 21 
December the sun is in the equinox and it is at farthest point from the tropical region.   
Therefore it is assumed the impact of solar radiation is less on these two dates 
compared to other dates of the year.    
 
 
 
 
1.8 Importance of the Research 
 
 
 The out come of the study is expected to show that, the effectiveness of the 
solar shading system depends on the relative balance between solar heat gain 
reduction and adequate daylight in the building.  The study also expect to suggest 
that appropriate design decisions on solar shading systems can significantly reduce 
the high energy consumption in office buildings in Malaysia.     
 
 
 Apart from the protection against harsh solar radiation and energy 
conservation, the use of solar shading has benefit on various other aspects as shown 
in figure 1.3.  The most important aspect is the thermal and visual comforts, which 
determines the human behavior.  Hence, findings of this study will enable and 
provide the building designer with wider range of options in selecting an appropriate 
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shading strategy for achieving the balance between desired daylight level and 
optimum energy consumptions for space cooling and lighting.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3:     User requirements for solar shading systems 
 
 
 
 
1.9 Thesis Organization  
 
 
 The thesis is organized into eight chapters as summarized bellow. 
 
 Chapter one introduces the main issue of this research.  This chapter also 
contains the proposed hypothesis of the study, research questions, and objectives of 
the study. Further, the research gap, scope and limitations of the study and the overall 
thesis structure are also presented in this chapter. 
 
 
 Chapter two reviews the theory of solar radiation and the sky conditions of 
Malaysia, particular to Kuala Lumpur (Latitude: 3.120; Longitude: +101.60; Time 
zone: +7).   Review on solar radiation includes the geometry of solar movement, 
solar intensity and its computations for different radiation types in order to 
understand their influence on the building.  Also, a critical evaluation is carried out 
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between measured weather statistics for the location considered and data obtained 
from the simulation weather file in order to clarify the validity of the latter to be used 
in the study.     
 
 
 Chapter three is divided into three sections.  Section one reviews the energy 
consumption patterns in Malaysia in general and in office buildings in particular.   
The building standards for energy control in commercial buildings are also reviewed 
to understand the energy scenario in Malaysia.  The high-rise office building and 
basic principles of energy efficient high-rise building are discussed.   Based on the 
review initial design conditions for the present study are also presented.   Section two 
reviews the principles of heat gains, types of heat transfer and factors influencing 
heat gains in the building.  A method to compute the solar heat gains are explored.  
Finally, in section three, different shading devices are analyzed to understand their 
implication as a shading element.   Their basic functions as a solar radiation control 
device are discussed to get a clear understanding of the state-of-the-art knowledge in 
the field.  Aspects determining the effectiveness of the shading are presented in order 
to find a suitable energy efficient shading strategy.   Methods for designing shading 
device are reviewed and a new method is proposed to determine the shading depth in 
hot and humid climate conditions.    
 
 
Chapter four discuss the methodology implemented in this present study.   
Initially, the energy evaluation methods and common research methodologies used 
by previous researchers are reviewed.   Thus, an appropriate methodology to be 
employed in this thesis is formulated.   Further, development of the base model, 
experimental procedures, assumptions, limitations and the overall sequence of the 
selected experiment method are described.   Finally, the data analysis criterions are 
discussed, which is used to analyze the results of the experiment.    
 
 
 Chapter five presents the results and analysis of the incident solar radiation 
transmitted solar heat gain and work plane illuminance for the tested external 
horizontal shading strategies.   The principle findings of the simulation are also 
summarized.  The results of the simulation are analyzed as follows: 
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o   Assess the impact of shading strategies on incident solar radiation (direct 
& diffused). 
o Assess the impact of shading strategies on transmitted solar heat gain into 
building. 
o Assess the influence of shading strategies on target illuminance level at 
deep end of the room to determine the optimum shading strategy for 
natural-lighting.  
o Assess the relationship between natural-light penetration and the office 
room geometry.    
 
 
Chapter six investigates the influence of the external horizontal overhang 
strategies on building cooling load and energy consumptions.  The results of the 
experiments are analyzed as follows: 
 
o Assess the impact of shading strategy on annual building cooling load.   
o Assess the impact of shading strategy on annual energy consumption for 
cooling, lighting and on total consumption to determine the optimum 
energy consumption. 
o Assess the natural-light level and annual energy consumption to determine 
the optimum shading strategy. 
 
 
Chapter seven presents the overall review of the thesis objectives and 
research questions, followed by the conclusion remarks of the major findings of the 
experiment.  Finally, suggests further works to complement with the thesis findings.    
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Figure 1.4   The flow of research process and thesis structure 
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